An enzyme-linked immunosorbent assay (ELISA) for respiratory syncytial virus antigens was applied to the rapid diagnosis of acute infections in children and was compared with viral culture and immunofluorescence tests. The ELISA test employed commercially available reagents and was run on a day-to-day basis as specimens were received in the laboratory. Sensitivity and specificity by ELISA were 82 and 95%, respectively, compared with culture. In the same specimens, the sensitivity and specificity by immunofluorescence were 86 and 96%, respectively. Nasopharyngeal aspirates were proven to be a better source Recently, enzyme immunoassays have been applied to the detection of viral antigens in respiratory secretions by a number of laboratories (1, 2, 5, 6, 8, 9) . We recently developed an enzyme-linked immunosorbent assay (ELISA) detection system for respiratory syncytial virus (RSV) antigens, which employed commercially available reagents (5). The system was refined so that it detected 50 PFU of virus per ml and 10 ng of partially purified antigen per ml. The clinical investigation reported here was designed to examine how well this test performed under day-to-day use in a diagnostic laboratory during the winter of 1980 and 1981, to compare its sensitivity and specificity with traditional tissue culture virus isolation techniques and rapid diagnosis by immunofluorescence (IF), and to test certain hypotheses concerning the obtaining and handling of specimens for antigen detection. Nasopharyngeal (NP) aspirates were obtained by suction from the nasopharynx as described previously (7). Some aspirates from intubated patients were of tracheal, rather than NP, secretions. For comparison with NP aspirates, some NP swab specimens were also obtained. A flexible wire swab (Calgiswab) was placed in the nasopharynx, left in place for 30 s, and then removed and cut off in 1 ml of phosphate-buffered saline (pH 7.2) containing 0.5% gelatin and antibiotics. Immediately after this, an NP aspirate was obtained in the usual fashion by gentle suction through a no. 5 or a no. 8 French catheter.
Recently, enzyme immunoassays have been applied to the detection of viral antigens in respiratory secretions by a number of laboratories (1, 2, 5, 6, 8, 9) . We recently developed an enzyme-linked immunosorbent assay (ELISA) detection system for respiratory syncytial virus (RSV) antigens, which employed commercially available reagents (5) . The system was refined so that it detected 50 PFU of virus per ml and 10 ng of partially purified antigen per ml. The clinical investigation reported here was designed to examine how well this test performed under day-to-day use in a diagnostic laboratory during the winter of 1980 and 1981, to compare its sensitivity and specificity with traditional tissue culture virus isolation techniques and rapid diagnosis by immunofluorescence (IF), and to test certain hypotheses concerning the obtaining and handling of specimens for antigen detection.
MATERIALS AND METHODS
Patients and specimens. All respiratory secretion specimens received in the Diagnostic Virology Laboratory of the Children's Hospital Medical Center, Boston, Mass., during the period of December 15, 1980, to March 31, 1981 , were examined by ELISA, by IF, and by tissue culture inoculation. The patients were for the most part hospital inpatients and ranged in age from <1 month to about 12 years, with 83% of them under 1 year of age. Specimens were taken at the discretion of the house staff on admission, shortly thereafter, or, in the case of nosocomially acquired infections, at the onset of symptoms. If serial specimens were sought, permission was first obtained from the parents, and all subsequent samples were taken by a specially trained research nurse.
Nasopharyngeal (NP) aspirates were obtained by suction from the nasopharynx as described previously (7) . Some aspirates from intubated patients were of tracheal, rather than NP, secretions. For comparison with NP aspirates, some NP swab specimens were also obtained. A flexible wire swab (Calgiswab) was placed in the nasopharynx, left in place for 30 s, and then removed and cut off in 1 ml of phosphate-buffered saline (pH 7.2) containing 0.5% gelatin and antibiotics. Immediately after this, an NP aspirate was obtained in the usual fashion by gentle suction through a no. 5 Specimens were undiluted when brought to the laboratory, and were often found in the tubing of the suction catheter or in the plastic trap or both. Phosphate-buffered saline (0.5 to 1.0 ml) was usually added to the specimen to facilitate its removal into a glass vial for further study. It was our policy to accept any specimen with grossly visible secretion present even though the volume might be very small. Pilot studies showed that the incubation of secretions with capture antibody could be carried out at 4°C over a weekend (rather than at room temperature overnight) without sacrificing either sensitivity or specificity, and this protocol was used for specimens which arrived in the laboratory and were tested on Fridays.
The suitability of the control NP secretion was confirmed by a statistical comparison of replicate control wells with wells containing negative secretions from infants sampled both during and immediately after the RSV outbreak and tested as part of the routine diagnostic work reported below. The mean and variance of the optical densities from replicate control wells did not differ significantly from those of negative (i.e., not showing RSV by culture, IF, or ELISA) specimens in any of the four plates so analyzed (P > 0.05, F test). A total of 31 negative secretions, tested in duplicate, were analyzed from four different tests.
To confirm the specificity of the reaction with certain specimens, blocking tests were performed with guinea pig serum raised against partially purified RSV (Long strain). Greater than 60% reduction of the mean final net absorbance by this antiserum was considered to be evidence for specificity.
IF. The methods of Gardner and McQuillin were used for IF testing (3) . Antiserum to RSV was raised in rabbits by multiple injections of HEp-2-grown RSV (Long strain) and was extensively absorbed with HEp-2 cells before use. Sheep anti-rabbit fluorescein conjugate was purchased from Burroughs Wellcome Co. The preparation of NP epithelial cells and fixation to slides were as described previously (3). Slides were read by one of two investigators, using a Zeiss epifluorescence microscope with a 40x oil immersion objective.
Statistical methods. The two-tailed Student t test and chi-square tests without Yates' correction were used to test significant differences.
RESULTS
Comparison of ELISA with culture and IF. We considered the possibility that a falsenegative ELISA might be a reflection of antigenic heterogeneity, and the bovine antiserum to bovine RSV might not cross-react with some strains which stained with rabbit anti-Long strain or which grew in tissue culture. This possibility was tested in two ways. First, samples negative by ELISA but positive by IF were retested by IF but incubated with the bovine anti-bovine RSV used in the ELISA test and then stained with a fluoresceinated antiserum to bovine immunoglobulin (Burroughs Wellcome Co.). All of the samples tested in this way were stained identically with the bovine serum and the rabbit serum. Seven samples for which replicate slides were not available were retrieved as HEp-2 or 350Q passages from the freezer and tested directly by ELISA. Five of seven samples produced positive readings when tested in this way. Attempts to recover and passage in tissue culture the remaining two samples were not successful.
Finally, we considered whether inconsistent results might be more frequent in older children who might be undergoing reinfection and therefore excreting smaller amounts of virus or mixtures of virus and antibody. Although falsenegative ELISAs were more frequent in the group one year of age and older (40%), this did not prove to be a significant difference from the group as a whole.
Comparison of swabs and aspirates as specimens for ELISA. Most viral respiratory cultures are obtained with either a throat or a nasopharyngeal swab. We have already shown that the carrying medium we use routinely has a marked dampening effect on the ELISA test (5). We further investigated this problem by examining the use of NP swabs immersed in a carrying medium known not to be inhibitory in our test. The results are shown in Fig. 1 . Nine infants who were excreting RSV were sampled as described above, first by NP swab and then by NP aspirate. Six of the nine aspirates were ELISA positive, compared with only one ELISA positive by swab. Tissue culture tests were positive in eight and three infants, respectively (data not shown).
Mistreatment of samples. Since transportation of samples for virus detection is often a problem due to centralization of most diagnostic facilities, we examined the stability of RSV antigens and the infectivity in aspirates obtained from children known to be RSV positive. The samples were received in the laboratory on ice and then separated in portions which were cultured; frozen at -700C immediately; placed in a vial on a bench top from which small amounts were removed at 3, 5, and 7 days for culture and freezing; or placed in a small plastic tube, wrapped carefully, and mailed to the laboratory, using a mail box outside the laboratory building. When the mailed samples were received again in the laboratory, usually after 5 days, a portion was immediately cultured, and the remainder was frozen. Finally, all of the frozen samples were thawed and tested by ELISA. Results are shown in Table 2 .
ELISA tests remained almost uniformly positive under these conditions. Cultures, in contrast, became negative in the majority of the mistreated samples. Specimens obtained late in infection. We obtained serial specimens from a group of 27 infants whose initial samples grew RSV or were positive by IF or by ELISA to discover how rapidly antigen became undetectable as recovery proceeded. The results of these studies are shown in Fig. 2 . Because the numbers were small, particularly in later samples, it is difficult 
